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$k$ $\mathbb{C}$ $\mathbb{C}^{2\otimes k}$
$k$















$n$ $n\geq k$ $f$ (
) pad$kn$ : $\mathbb{C}^{2\otimes k}arrow \mathbb{C}^{2\otimes n}$ enc : $\mathbb{C}^{2\otimes n}arrow \mathbb{C}^{2\otimes n}$
enc $o$ pad : $\mathbb{C}^{2\otimes k}arrow \mathbb{C}^{2\otimes n}$
$f$
pad$k,n$ , enc
$k,$ $n$ $k<n$ $|m\rangle$ $k$






$q$ $q’$ $n$ $q’$ encopad$kn(|m\rangle)$
$n$





$Q:=$ Imenc $\circ$ pad$k,n$




$\text{ _{}1_{\lrcorner}}$ $|c_{1}c_{2}\ldots c_{n}\rangle$








rec : $\{0,1\}^{n-k}arrow U_{2^{\gamma}}\cdot(\mathbb{C})$ rec $(s)$ $V_{s}$
$rec(s)v_{\theta}$.
$rec(s)_{V_{\wedge}}$. $;V_{S}arrow Q$
$Q$ $U_{2^{f1}}(\mathbb{C})$ $\mathbb{C}^{2\otimes n}$
$*$ : $n$ $q’$ $|y\rangle$
$*$ : $k$ $q$ $|m’\rangle$
(1) $n$ $q’$ $|y\rangle$ $s\in\{0,1\}^{n-k}$
$s$ $|y\grave{\}}$ $V_{s}$
2
(2) $n$ $q’$ rec $(s)$ 2
$|c’\rangle$
(3) $n$ $q’$ $|c’\rangle$
$|m’\rangle$































$I=(\begin{array}{ll}l 00 1\end{array})$ , $X=(\begin{array}{ll}0 ll 0\end{array})$ ,









$I\otimes X\otimes I\otimes I\otimes I$
$|c_{1}c_{2}c_{3}c_{4}c_{5}\rangle$ $X$








$E_{n}$ $E_{n_{o}}\neq I$ $1\leq n_{0}\leq n$




$E_{n_{\text{ }}}$ $I,$ $X,$ $Y,$ $Z$
1– $q,$ $q/3,$ $q/3,$ $q/3$ depolarizing
13
depolarizing
$t$ $E$ $q^{t}(1-q)^{n-\ell}$ depolarizing
$X,$ $Z,$ $Y$





$n$ $m$ $M_{1},$ $M_{2},$
$\ldots,$
$\Lambda 4_{m}$
Mm $1\leq m_{0}\leq m$
“ ”
4





$Q’$ $|y),$ $|y’\rangle$ Mm
tm
$M_{mo}|y\rangle=t_{m_{()}}|y\rangle,$ $M_{m}$ $|y’\rangle=t_{m}$ $|y’\rangle$ ,
5 $1,$ $-1$ $t_{m}$ $=1$
$s_{m}$ : $=0$ $t_{m}$ $=-1$ $s_{m\text{ }}:=1$ 01
$(s_{1}, s_{2}, \ldots, s_{m})$ $Q’$ $\{M_{m\text{ }}\}_{1\leq mo\leq m}$
$(0,0, \ldots,0)$
41. $\{M_{mo}\}_{1\leq mo\leq m}$ $Q$
$E$






















$EQ$ sm $Q’$ $EQ$
$Q$
$Q$
$EQ\subset Q’$ $\dim EQ=\dim Q’$ $EQ$ $Q’$
15
5 5
$M_{1},M_{2},$ $M_{3}$ , $\Lambda_{i}I_{4}$
$M_{1}$ $:=$ $Z\otimes X\otimes I\otimes X\otimes Z$
$M_{2}$ $:=$ $Z\otimes Z\otimes X\otimes I\otimes X$
$M_{3}$ $;=$ $X\otimes Z\otimes Z\otimes X\otimes I$












$EQ$ $($ 1, 1, $0,0)$










$_{80\{\}2^{-}}$ $_{0\mathfrak{X}\Omega A}$ $_{10^{-}\emptyset l}$ $\forall_{1\lambda \text{ })1}$
$\vee 0\S 10$ $\vee 01\lambda 0^{-}$ $v_{10X^{-}0}$ $V_{1110}$
$_{O}21}$ $_{\zeta\}111}$ $_{1}$ 1 $_{113L}$
3:5
$Q$ $pad^{1,5}$
















$(\begin{array}{ll}cos\theta -sin\thetasin\theta cos\theta\end{array})$ $(\begin{array}{ll}l/\sqrt{2} 1/\sqrt{2}l/\sqrt{2} -1/\sqrt{2}\end{array})$
$I$ 1
5


















$M_{1},$ $M_{2},$ $M_{3},$ $l\ovalbox{\tt\small REJECT} 1_{4},$ $ltI_{5},1\mathcal{V}1_{6}$
$M_{1}$ $=$ $I\otimes I\otimes I\otimes Z\otimes Z\otimes Z\otimes Z$
$M_{2}$ $=$ $I\otimes Z\otimes Z\otimes I\otimes I\otimes Z\otimes Z$
$M_{3}$ $=$ $Z\otimes I\otimes Z\otimes I\otimes Z\otimes I\otimes Z$
$\Lambda C_{4}$ $=$ $I\otimes I\otimes I\otimes X\otimes X\otimes X\otimes X$
$M_{5}$ $=$ $I\otimes X\otimes X\otimes I\otimes I\otimes X\otimes X$





$P$ $m_{0}$ $1\leq m_{0}\leq 7$
$P=X$ $M_{4},$ $M_{5},$ $M_{6}$ $s_{4}s_{5}s_{6}$
$0$ $M_{1},$ $M_{2},$ $M_{3}$ $s_{1}s_{2}s_{3}$
2 $m_{0}$
$X$
$P=Z$ $M_{1},$ $M_{2},$ $M_{3}$
$0$ $M_{4},$ $M_{5},$ $M_{6}$ 2
$P=Y$ $M_{1},$ $M_{2},$ $M_{3}$
$M_{4},$ $M_{5},$ $M_{6}$
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